We present a sample of 66 galaxies belonging to the equatorial part (Dec.= -7
INTRODUCTION
The modern cosmological ΛCDM models of the large-scale structure and galaxy formation, including the state-of-art N-body simulations, predict that galaxy properties and evolution can significantly depend on their global environment (e.g., Peebles 2001; Gottlöber et al. 2003; Hoeft et al. 2006; Hoeft and Gottlöber 2010; Hahn et al. 2007 Hahn et al. , 2009 Kreckel et al. 2011b , and references therein). However, the role of the most rarefied environment (typical of voids) in galaxy formation and evolution is not well studied both theoretically and observationally.
In particular, most of the mass studies of galaxies in voids based on large samples from the SDSS spectral database, are limited by rather distant giant voids (at D ∼ 100 − 200 Mpc), and hence, probe only the upper part of the void galaxy luminosity function. Namely, those with MB −16 m to −17 m , Rojas et al. (2004 Rojas et al. ( , 2005 ; Patiri et al. (2006) ; Hoyle et al. (2005 Hoyle et al. ( , 2012 . Besides, these works used for their analysis only the data available in the SDSS database that precluded the direct study of evolutionary status of void galaxies. While some differences of void galaxy global properties with respect of wall population were found, they were rather modest. Thus one could conclude that for the upper mass/luminosity range the effect of void environment is rather subtle.
The authors of the more recent Void Galaxy Survey (VGS) (Kreckel et al. 2011a (Kreckel et al. , 2015 Beygu et al. 2012) , while also dealing mostly with more distant voids (typical D ∼ 80 Mpc), partly approached closer voids that allowed them to include some part of void dwarf galaxies with absolute magnitudes down to Mr −14 m . They also undertook a detailed multi-wavelength study of their galaxy sample, including Hi mapping, gas metallicity measurements and photometry. This allowed them to find several unusual cases probably indicating the role of filaments in voids.
The nearby voids have the important advantage for the study of galaxies in voids since they allow to probe the least massive void dwarfs which are expected to be the most susceptible to external perturbations.
In the course of the systematic study of dwarf galaxies in the nearby Lynx-Cancer void, we have already discovered a half-dozen unusual objects, including DDO 68 (Pustilnik, Kniazev, & Pramskij 2005; Izotov & Thuan 2007) , J0926+3343 (Pustilnik et al. 2010) and other very metal-poor LSBDs (Pustilnik et al. 2011b, hereafter Paper III) . The recent Giant Meterwave Radio Telescope (GMRT) Hi mapping of a subsample of this void galaxies revealed three extremely gas-rich blue unevolved dwarfs (Chengalur & Pustilnik 2013; Chengalur, Pustilnik, Egorova 2017) . The analysis and statistical study of photometric parameters (Perepelitsyna, Pustilnik, & Kniazev 2014 ) and of integrated Hi data (Pustilnik & Martin 2016) , as well as of the significantly extended data on metallicities of this void galaxies ) allows one to conclude that void galaxies evolve slower then their analogs in denser environments.
Moreover, there exists a sizable fraction of extremely gas-rich void galaxies (mostly the least massive LSBDs) with the lowest gas metallicities (Z Z⊙/20, or 12+log(O/H) 7.38) and atypically blue colours of stellar population in the outer parts. The straightforward interpretation implies that the main star formation episode in these objects took place rather recently -between one and a few Gyr ago -and transformed only a few percent of the original gas protogalaxy to stars.
In this paper we address properties of galaxies in another very low density region known as the Eridanus void. The paper is organized as follows. In Sec. 2 we present the void description. In Sec. 3 we describe the selection criteria and summarize the Eridanus void galaxy sample. In Sec. 4 we briefly describe the observations and reduction of the obtained data. Sec. 5 presents the results of observations and their analysis. In Sec. 6 we discuss the results and their implications in a broader context and summarize our conclusions. The value of the Hubble constant is adopted as H0 = 73 km s −1 Mpc −1 . Guseva et al. (2009) presented, among other new metal-poor galaxies, the second most metal-poor (at that time) galaxy SDSS J0015+0104, with 12+log(O/H)=7.07. In a paper by Guseva et al. (2017) its parameter 12+log(O/H) was corrected to 7.17, equal to that of IZw18. Our subsequent study of this galaxy ) revealed atypical blue colours in the outer parts and a very high mass fraction of gas. This LSBD appears to reside in a large region devoid of luminous galaxies, known as the Eridanus void after Fairall (1998) .
ERIDANUS VOID
In fact, this name does not relate to the sky region of the respective constellation, but goes back to the Greek word for river. As Kauffmann & Fairall (1991) have commented, the name relates to the extended tubular form of this void and not to the constellation. More specifically, the region is situated partly in Aquarius (19.5 h -0.5 h, mainly to the South of the equator) and in Pisces (23 h-02 h) and Cetus (00 h -3.5 h).
To study the evolutionary status of galaxies in this region in a similar way to our project for the Lynx-Cancer void (Pustilnik & Tepliakova 2011) , we define below the borders of the adopted equatorial region of this void. Then we compile the sample of galaxies residing in this void based on NED, HyperLeda 1 (Makarov et al. 2014) , and other sources. To illustrate the void galaxy distribution, we show in Fig. 1 the wedge diagram of this sky section. In some cases points that mark the positions of our sample galaxies are overlapped with the points that mark the positions of bright galaxies because of the projection effect.
For a preliminary selection of this void sample, we use the void boundaries outlined by Fairall (1998) . As luminosity to delineate 'luminous' galaxies we adopt (MB < (Hill et al. 2010 ). Then we look in the wedge diagrams with the narrow ranges in declination for candidate void objects residing within the 'empty' volume. As the last step we check whether a candidate void galaxy is sufficiently distant from a 'luminous' border galaxy. The more advanced procedure of void separation will be applied in a forthcoming paper (Pustilnik et al. 2018, in prep.) .
ERIDANUS VOID GALAXY SAMPLE -THE CURRENT VERSION
Similar to the selection criteria used for the Lynx-Cancer void galaxy sample, we picked up galaxies within the predefined void region which are situated at distances of more than 2.0 Mpc from the bordering luminous galaxies. While the latter threshold leaves a fraction of real void galaxies residing in the transitional void zone outside of the formed sample, this allows to keep the sample rather clean, since such limit eliminates the cases of interlopers belonging to typical groups around bordering luminous galaxies. This also allows to skip cases of near-border galaxies of unclear origin, which could have migrated from the wall regions during the last several Gyrs.
In Table 1 we present the current version of the Eridanus void sample with coordinates and global parameters available from the literature.
• Column 1. Common name or SDSS prefix.
• Columns 2 and 3. Epoch J2000 R.A. and Declination.
• Column 4. V hel (almost all are either from NED or SDSS).
• Column 5. Distance D, in Mpc, adopted as VLG/73. Here VLG is the recession velocity in the Local Group coordinate system.
• Column 6. The apparent total B-band magnitude Btot (from NED or from the literature). The sources of B-mag are given by a letter in the superscript for the respective values.
• Column 7. Absolute B-band magnitudes MB calculated using Btot corrected for the Galactic foreground extinction AB (from NED, following Schlafly & Finkbeiner (2011) ).
• Column 8. Type, mainly from NED and HyperLeda (where available).
• Column 9. The distance in Mpc to the nearest luminous galaxy, DNN.
The sample overview
The Eridanus void is extended and has a complicated form. For our current project we restricted the studied volume to the equatorial zone with Dec.= (-7
• , +7
• ), RA = (23 h 40 m to 01 h 45 m ), and V hel < 3500 − 3800 km s −1 (the latter is near the distant void border). It is worth to note that the presented sample of galaxies in the considered volume is not complete, in particular for the lower edge of the luminosity range. This is natural in view of the above mentioned effects of observational selection. The resulting sample of the Eridanus void equatorial region is characterized by the following ranges of the main parameters. Blue luminosities range from MB = −12 m to -19 m with a median value of -15.8 m . The whole range of radial velocities V hel = 600 − 3800 km s −1 , with a median value of ∼2030 km s −1 . The distances to the nearest luminous neighbour DNN range from 2 to 10 Mpc with a median of ∼4.7 Mpc.
Our sample consists mostly of disk and irregular galaxies. There are several blue compact objects of round or elliptical shape at distances of D ≥30 Mpc with spectra typical of HII regions. We assume that they represent BCGs (blue compact galaxies). Also, ∼10% (6 objects) of our sample galaxies have morphological types E or S0/S0-a in NED or HyperLeda. Though for 2 such galaxies, deeper images from SDSS Stripe82 or DECaLS 2 (The Dark Energy Camera Legacy Survey, Blum et al. (2016) ) reveal low surface brightness structures around the bright central part (that is, discs or signs of interaction). In fact, several sample objects reveal such low surface brightness features on deeper images.
With respect to the galaxy sample in the Lynx-Cancer void, this sample contains a higher fraction of more luminous objects and is almost devoid of the lowest luminosity representatives. This is a natural result of the observational selection bias, since the Eridanus void is roughly 1.7 times more distant than the Lynx-Cancer void. In view of these differences it will be interesting to examine how the conclusions obtained for the Lynx-Cancer void sample galaxies will look in comparison to the current sample analysis.
In Fig. 2-3 we show the distributions of the sample galaxies in blue absolute magnitude MB, radial velocity V hel and the distance to the nearest luminous neighbour DNN. In Fig. 4 -6 we present a mosaic of 66 Eridanus void galaxy images prepared with the SDSS Navigate Tool.
2 http://legacysurvey.org/decamls/ 4 SPECTRAL OBSERVATIONS AND DATA REDUCTION
SALT and BTA data
For 21 Eridanus void galaxies, the observations were conducted with the the Robert Stobie Spectrograph (RSS; Burgh et al. 2003; Kobulnicky et al. 2003) installed at the Southern African Large Telescope (SALT; Buckley, Swart & Meiring 2006; O'Donoghue et al. 2006) . Additionally, four other void galaxies were observed with multi-mode instrument SCORPIO (Afanasiev & Moiseev 2005) installed at the SAO 6-m Telescope (BTA). All observations with both telescopes were taken with the long-slit mode. Details of SALT and BTA observations are presented in Table 2 . In the course of the spectral observations for this project we formed a back-up list of galaxies with no redshifts as potential Eridanus void members. We obtained their radial velocities during weather conditions not suitable for the main task. Nine of them were observed with SALT in the same mode as the main program. Besides, 3 more galaxies were observed at BTA with grism VPHV1200R, getting spectra in the range of 5500 to 7500Å. Information on the results of these observations is presented in Table 4 . Most of the objects appear to be background object, and only two galaxies lie in the equatorial part of the Eridanus void. For several more galaxies observations were performed, but the Hα line was undetectable (though continuum was seen). So it was not possible to estimate the velocities for galaxies SDSS J000224.09-013147.8, J000634.13+153037.5, J003933.37+010652.3.
The VPH grating GR900 was used for observations with RSS spectrograph at SALT to cover the total range from 3600Å to 6700Å, with a slit width of 1.5 arcsec and the typical spectral resolution of FWHM ∼ 5Å. For BTA observations we used grism VPHG550G covering the range from 3500 to 7500Å. The slit width 1.0 arcsec resulted in a spectral resolution of ∼12Å.
The primary data reduction for SALT data was done with the SALT science pipeline (Crawford et al. 2010 ). The following long-slit data reduction for the BTA and SALT observations and the emission-line measurements was performed as described in Pustilnik et al. (2005) . Finally, all BTA spectra were transformed to absolute fluxes. For SALT, spectrophotometric standard stars were used for the relative flux calibration only, since the absolute flux calibration is not feasible with SALT because the unfilled entrance pupil of the telescope moves during the observations. At the end, the individual 1D spectra of the target Hii-regions were extracted by summing-up, without weighting, several rows along the slit. For Hii regions, where the principal faint line [Oiii]λ4363 was well above the noise, we selected the pixel range where the line was visible. For the majority of spectra, where [Oiii] λ4363 was absent, the 1D spectra were obtained via extraction of signal in the pixel range where the Hβ line was visible.
To measure the emission-line intensities with their errors in the individual 1D spectra, we used the way described in detail in Kniazev et al. (2004) . In case of the good quality of 1D spectra with clear signatures of Balmer absorptions, we have used the model spectra of stellar populations constructed with the use of the ULySS (http://ulyss.univlyon1.fr, Koleva et al. 2009 ) to better subtract the underlying continuum.
The measured emission-line intensities with their errors for Eridanus void galaxies are presented in Tables 5-13 for SALT spectra and in Tables 14-16 
SDSS data
We use spectra from the SDSS DR12 data base for two void galaxies (NGC 428 and Ark 18) . For the detailed description of SDSS observations and their principles see Gunn et al. (1998) , York et al. (2000) and Abazajian et al. (2009) . Three more galaxies (SDSS J0142+0018, SDSS J0142+0021, SDSS J0143-0002) have available SDSS spectra of poor quality, so reliable estimates of the oxygen abundances are not possible.
The emission lines measurements were done in the same way described in the Section 4.1. The measured emission-line intensities for SDSS spectra with their errors are presented in Tables 17-19. The measured line flux values in the Hβ line are given in units of 10 −16 erg s −1 cm −2 . The 1D spectra of all objects studied are available in Fig 13. For some of our objects we performed our own photometry on the base of SDSS calibrated u, g, r, i, z images (Fukujita et al. 1996; Lupton et al. 2001) , where for some of them we used the model SDSS magnitudes. In these cases the B band magnitudes presented in our Table 1 , were calculated from g and r magnitudes using formula from Lupton et al. (2005) . 
ABUNDANCE DETERMINATION AND RESULTS

Methods of O/H determination
Oxygen abundances were calculated in the way described by . Namely, for case of well-measured faint auroral line [Oiii] λ4363Å, the direct Te method was used for a two-zone model of Hii regions and procedures described by Kniazev et al. (2008) were used. The updated atomic data are used as in Izotov et al. (2006) . To correct the measured emission-line fluxes for extinction and the underlying young star cluster Balmer absorptions, we used an iterative procedure from Izotov, Thuan & Lipovetsky (1994) . It finds the optimal combination of two physical parameters affecting the original nebular spectrum of Hii-region: the dust extinction coefficient near Hβ line C(Hβ) and the equivalent width of Balmer lines of the underlying continuum of young star cluster EW(abs). The respective correction results in the Balmer line intensities best approximating (within the adopted flux errors) recombination ratios. The Whitford (1958) extinction law was used. As noticed in , its use makes the negligible effect to the derived O/H with respect to the more recent extinction law variants.
In about half of our targets, the line [Oiii] λ4363 was either undetected or too weak. In these cases we applied the 'semi-empirical' method of Izotov & Thuan (2007) . This method exploits the well-fitted dependence of Te on the total intensity of the oxygen lines [Oiii] λλ4959,5007 and [Oii] λ3727 with respect to intensity of Hβ. The latter dependence, in turn, was derived from models of Stasińska & Izotov (2003) which approximate well the relations between equivalent width EW(Hβ) and the strong line intensities as found on the large sample of extragalactic Hii regions representing the whole range of observed O/H. The essence of this semi-empirical method is the identity of the subsequent calculations of all parameters to the direct Te method once Te is estimated from the strong oxygen lines. Since the estimate of Te via method of Izotov & Thuan (2007) is primarely based on the large sample of extragalactic Hii-regions, its applicability to our sample of void star-forming galaxies is consistent with an idea that in most of our galaxies we observe rather typical Hii-regions. Due to the limited range of the method calibration, 12+log(O/H) 7.9 dex (Izotov & Thuan 2007; , we also limit its use by this range of O/H. Similar to work of , to derive a more robust O/H value, we used besides the semi-empirical method, two additional empirical O/H estimators from Pilyugin & Thuan (2005) and Yin et al. (2007) For a high signal-to-noise (S-to-N) spectra, these estimators show a rather small internal scatter of O/H of ∼0.08-0.10 dex. However, for a low S-to-N ratio of the line [Nii] λ6584, the accuracy of these estimators decreases substantially. Also, Sánchez Almeida et al. (2016) show that ∼10% of low-Z objects have an elevated ratio of N/O and an enhanced flux of [Nii] lines. For such cases, one expects that the O/H with these methods should be systematically higher than values of O/H derived with the direct Te method. The latest version of the empirical calibrators is known as the 'Counterpart' method, which is also based on strong and medium intensity emission lines (Pilyugin, Grebel & Mattsson 2012) . It also has the similar limitations. For this reason, we use these methods selectively, for additional control of O/H estimates that do not depend on the line [Nii] λ6584.
For SDSS spectra of the void galaxies, the [Oii] λ3727 line falls outside the available spectral range. In papers by Kniazev et al. (2003) and Kniazev et al. (2004) Pustilnik, Tepliakova & Kniazev (2011) with the subsequent use of the semi-empirical method.
In the paper by a comparison of several empirical and semi-empirical methods with the direct Te method was performed and the formulae, accounting for small offsets of these methods with respect of the direct Te method, were presented. We used these formulae to calculate the corrected values of O/H estimated with the semi-empirical method by Izotov & Thuan (2007) , and with the empirical PT05 and Yin07 methods. For more details on different methods of O/H estimation see .
Table with O/H determinations
In Table 3 we present the adopted O/H values derived from our observations and the analysis of the SDSS spectra. The table includes the following information.
• Column 1: Common name or SDSS prefix;
• Column 2: Epoch J2000 R.A.
• Column 3: Epoch J2000 Declination • Column 4: 12+log(O/H) derived via the direct Te method with its 1σ error; • Column 5: the value of O/H as adopted for the further analysis.
• Column 6: The sources of O/H in Column 5 indicated as follows:
(1) O/H from the BTA, SALT and SDSS data evaluated with the direct Te method (for IC52, values in Col.4,5 are the weighted means of O/H derived via the direct Te method for spectra a) and c)); for SDSS spectra [Oii]λλ7320,7330 line fluxes were used to determine the O/H via the modified direct Te method (Kniazev et al. 2003 (Kniazev et al. , 2004 ;
(2) the most robust O/H estimate from the SALT, BTA, or SDSS spectra, based on the weighted mean from the semiempirical method (Izotov & Thuan 2007) . The finding charts of 25 galaxies from the Eridanus void sample (see Table 1 ). They were prepared with the SDSS DR12 Navigate Tool with inverted colours and are shown in the order of their RA. The sides of each square measure ≈100 ′′ . Fig. 4 for the next 25 galaxies from the Eridanus void sample. The finding chart size for larger galaxies are: ≈150 ′′ for CGCG384-074, ≈250 ′′ for UGC711, ≈300 ′′ for NGC428.
tioned above known cases of the enhanced intensities of [Nii] λλ6548,6584, we used these estimators only where they did not show the systematic offset with respect to O/H derived only with the strong oxygen lines; (5) the value of 12+log(O/H) was adopted from the literature and re-evaluated to the new scale (Izotov et al. (2006) ), if necessary. Letters after (5) refer to the source in the footnote of the table. For galaxies with more than one estimation of O/H the adopted 12+log(O/H) is the weighted mean value (for APMB0001+0008 and UGC772). For cases where the calculated error of the weighted mean was less than 0.03 dex, we adopted the minimal value of 0.03 dex. 
Comments on individual galaxies
MCG-01-04-005. The galaxy was initially included in the void sample, and its spectrum was obtained with SALT (see Table 13 ). However, the galaxy was later excluded from the sample since it seems to belong to the NGC450 group (Dproj =0.7 Mpc to NGC448, with δV =33 km s −1 ). We include its spectrum analysis here, but do not use it in the void galaxy sample study.
UM285=J0051-0140, MCG+00-04-049=J0114+0055. We adopted their 12 + log(O/H)Te as the final value. We notice, however, that they well match 12+log(O/H) derived by the other methods. UGC12729=J2340+0114. We used both the SALT and SDSS spectra. The value of I([Oii]3727) for the SDSS spectrum was adopted to be the same as for the SALT spectrum. Both values of O/H are in a good agreement.
IC52=J0048+0405. The adopted value of O/H is the weighted mean of the two values derived with the direct Te method for spectra from regions a) and c).
Ark18=J0051-0029. There are two spectra available in SDSS for this galaxy. We present values of 12 + log(O/H) for both regions separately in Table 3 . The O/H derived for ′′ from the center. Usually for such systems with a visible gradient of O/H, the characteristic value of O/H is adopted as measured at R = R25/2. Both our regions with the measured 12+log(O/H) are located inside this radius. Therefore the adopted value (the weighted mean, 7.63±0.13) should be treated as the upper limit for this galaxy.
Mrk965=J0057-0409. On both BPT diagnostic diagrams (Baldwin, Phillips & Terlevich 1981) Kniazev et al. (2004) and corresponds much better to the galaxy's absolute magnitude (MB = −14.3). We thus use this estimation as the adopted value for SHOC053.
6 DISCUSSION AND SUMMARY
Eridanus void galaxy sample in context
The sample of 66 galaxies presented here that reside in the equatorial part of the Eridanus void is only the second one of its kind with a large number of galaxies covering a broad range of luminosities: MB between -12.0 m and -19.5 m . It is useful to compare this void galaxy sample with the first sample of its kind, the 108 galaxies in the Lynx-Cancer void.
The main differences in the sample properties are related to their median distances, which, for the Eridanus void, is about a factor of 1.7 larger. This translates to the difference in the median MB ∼ -15.8 for the Eridanus sample versus ∼ -14.45 for the Lynx-Cancer void sample (Pustilnik & Martin 2016 ). Due to the same limit in apparent magnitudes for the large galaxy redshift surveys (B ∼ 18.5 m ), this difference in distance also results in a much reduced relative number of low luminosity dwarfs. There are only four galaxies in the Eridanus void with MB > −14 m in comparison to 40 such objects in the updated Lynx-Cancer void sample (Pustilnik & Martin 2016; .
It is worth mentioning that a substantial part of the lowest luminosity dwarfs, among which the most unusual void objects were discovered (Chengalur & Pustilnik 2013; Pustilnik et al. 2011b Chengalur, Pustilnik, Egorova 2017) , were found with the dedicated search for faint void galaxies, in particular as possible counterparts of already known void dwarfs. In this context, the SDSS Stripe82 (Fliri & Trujillo 2016) , which covers the central part of the Eridanus void equatorial region (∼ 18% of the whole sky area for the void sample in the question) and goes about 2 magnitudes deeper than the SDSS itself, can serve as a good basis to search for the fainter galaxy population in this void.
Relationship between O/H and galaxy luminosity
The main issue we wish to address with this new Eridanus void galaxy sample is their evolutionary status in comparison to similar galaxies in a denser environment. One of the goals is to extend our mass study of galaxy evolution in the nearby Lynx-Cancer void (Pustilnik & Tepliakova 2011; Pustilnik, Tepliakova & Kniazev 2011; Pustilnik & Martin 2016; ) to another void sample, selected with the same criteria and studied with the same method, and to examine how the main results obtained for the LynxCancer void sample are similar or different to those derived on a completely independent sample. We adopt, as a comparison galaxy sample in a denser environment, the sample of Berg et al. (2012) , representing the Local Volume galaxies with well defined, velocity independent distances and luminosities and the gas O/H values derived via the direct Te method. The same sample was used for comparison in the Lynx-Cancer galaxy void study .
In Fig. 7 we plot log(O/H) versus MB of our void galaxies along with the data of Berg et al. (2012) 'control' sample. Our galaxies are shown with filled 'symbols' with error bars in O/H. The control sample is presented by the solid line of their sample's linear regression, while the two dashed lines parallel to the solid one show the control sample's scatter around the linear regression with σ=0.15 dex in log(O/H). The dotted line parallel to the solid one, displaced by -0.30 dex, shows the deviation of -2σ. The galaxies below this dotted line are treated as the most extreme outliers. The horizontal dotted black line marks the value Z⊙/10 which corresponds to 12+log(O/H)=7.69 for Z⊙ from Allende Prieto et al. (2001) and Asplund et al. (2009) .
Similar to the analysis in , we plot in the left panel of Fig. 7 separately the subsample of galax- This result is well consistent with the conclusion drawn by from the gas metallicity study for 81 Lynx-Cancer void galaxies. To increase the statistical significance of finding lower O/H values in void galaxies, we combine in Fig. 8 the data for galaxies from both voids, with a total of 117 objects, thus increasing the number of analyzed void galaxies by a factor of 1.5. This plot clearly demonstrates systematically lower O/H for the full range of void galaxy luminosities. This fact is naturally treated as evidence of the slower evolution of void galaxies with respect to similar objects residing in denser environments.
Besides, for the least luminous dwarfs we see a small subgroup of the lowest O/H objects with a highly elevated mass fraction of gas. Due to the observational selection effects, most of these unusual dwarfs come from the LynxCancer void sample . For the Eridanus void, the only known representative of this group is SDSS J0015+0104 , with the lowest 12+log(O/H)=7.17 (Guseva et al. 2017 ) among this void galaxies published to date. Another galaxy SDSS J0110-0000, the faintest dwarf in this void sample (MB=-12), was found very recently to have similar properties and even the lower O/H (Pustilnik et al. 2018, in preparation) . This emphasizes the bias due to the observational selection for finding such unusual galaxies in voids at D > 25 Mpc.
Notes on individual interesting void galaxies
Ark18 = J0051-0029. The SDSS Stripe82 images of this galaxy reveal an underlying LSB disk. The metallicity in the center may be lower than in the bright non-central Hiiregion due to an accretion event of fresh gas to the galaxy's center. The object is in the list of "Local Orphan Galaxies" (LOG) by Karachentsev et al. (2011) which includes the most isolated nearby galaxies. UM40 = J0028+0500; 6dF J0055-0601. The LSB structures around the brighter parts of both galaxies are well visible on deep DECaLS (The Dark Energy Camera Legacy Survey, Blum et al. (2016) ) images. These could be the underlying LSB disks or the result of recent interaction. UM40 also is in the list of LOG.
J0142+0018, J0142+0021, J0143-0002. Galaxies J0142+0018 with V hel = 3222 km s −1 and J0142+0021 with V hel = 3243 km s −1 -comprise a pair with a projected separation of 50 kpc. Galaxy J0143-0002 with V hel = 3165 km s −1 may belong to the same large scale structure (filament).
Relation to previous works and models
Despite to rather little studies known to date on the relation of galaxy evolution to their global environment, it is worth to compare our results with previous ones. As already mentioned, this work is motivated by the results on gas metallicity for the galaxy sample in the nearby Lynx-Cancer void . In Sec. 6.2 we demonstrate that our results and conclusions for the Eridanus void galaxy sample are completely consistent with their. A similar study, but limited by only seven galaxies from the Void Galaxy Survey (VGS) was presented by Kreckel et al. (2015) . They did not find from their data an indication for the reduced metallicity in void galaxies, in opposite to our results. However, as discussed in , if we take into account only three their objects with reliable O/H, derived via the direct Te method, they appear consistent with our results.
A recent mass study of extremely metal-poor (XMP) galaxies (namely with 12+log(O/H)≤7.69), based on the SDSS spectra, was presented by Sánchez Almeida et al. (2016) . It was supplemented with analysis of their large-scale environment based on constrained N-body cosmological simulations of the local Universe (Nuza et al. 2014) . With a reservation on the different definition of voids in that work, the pronounced increase of probability to find XMP galaxies in voids with respect of sheets, and especially of 'knots' (groups) and filaments, is striking. This finding is in full agreement with our results on generally reduced metallicity of void late-type galaxies for the same luminosity in comparison to similar galaxies in denser environments.
One more evidence for DM halo assembly bias as a function of environment was presented recently by Tojeiro et al. (2017) . They classify (using a tidal tensor method) 'Galaxy and Mass Assembly' (GAMA) galaxies to reside in voids, sheets, filaments or knots, and find that low-mass haloes residing in knots are older than haloes of the same mass in voids. This result is consistent with our conclusion on the less advanced phase of void galaxy evolution with respect of their counterparts in denser environments.
As concerned to comparison with model works, they, as far as we are aware, up to date give too little concrete predictions on galaxy properties in the void-type environment. Especially this relates to the baryonic mass range (M bar ∼ 10 7 to 3×10
8 M⊙) in which we find the most unusual objects mimicing the youngest local population. We mention paper by Hahn et al. (2007) indicating the general delay in time of DM haloes formation in voids with respect of that in denser structures, but their mass resolution is not suitable to assess the majority of void population.
In a more targeted study, Kreckel et al. (2011b) present modelling of void galaxy stellar and gas properties in the standard CDM cosmology. Despite their CDM/gas mass resolution (1.5×10
8 /2×10 7 M⊙) is somewhat coarse for the least massive void galaxies, they are able to conclude the following. The most luminous galaxies with Mr < −18 do not show trends in their properties for various density of environment. However, dwarfs in voids with Mr > −16 appear bluer, with higher SFR and lower mean stellar ages than galaxies in the average density environments. These predictions seem find a support from our results on the slower evolution of void galaxies and the presence of a fraction of unusual, looking very young, dwarfs.
In the other related paper, Aragon-Calvo & Szalay (2013) explore dynamics of void structure. Since the interior of void expands with respect of the surrounding region of the Universe, voids mimic the time machine, in the sense that the develompent of structures in voids is significantly delayed with respect of that in denser surroundings. From this, one can suggest that at least part of void DM halos (and related galaxies) formed at later epochs. Due to much reduced rate of galaxy interactions in voids, they could keep their unevolved state till the current epochs and thus show up as rather unusual objects. Probably such late galaxies are one of the options for the most metal-poor and gas-rich void dwarfs.
Conclusions
Summarizing the results and discussion above, we draw the following conclusions:
(i) The galaxy sample residing in the equatorial part of the large 'Eridanus' void is compiled based on the criterion of sufficiently large distance (DNN >2.0 Mpc) to the luminous (MB < M * B + 1.0 = −19.5 m ) galaxies delineating the void region. The current number of identified void galaxies within the selected part of the void is 66, with the range of MB = [-12.0,-19 .1] and a median value of −15.8 m .
(ii) The analysis of the new spectral observations for 23 void galaxies with SALT and BTA, complemented with 3 available SDSS spectra, allowed us to determine the gas-phase oxygen abundance for 25 void objects. Compiling these data with O/H estimates for another 11 void galaxies available in the literature, we analyse "log(O/H) vs MB" relation for 36 objects. The comparison of this relation with that for the control sample of similar galaxies residing in the denser environment of the Local Volume (Berg et al. 2012 ) results in the conclusion that the Eridanus void galaxies show systematically lower values of O/H, that is, the direct indication of their less advanced phase of evolution, and hence, either of the slower chemical evolution, or later formation, or both. (iii) The combined results of the previous study of gas O/H in 81 galaxies in the nearby Lynx-Cancer void with the current data for 36 galaxies of the Eridanus void sample give unambiguous evidence for substantially reduced O/H (on average by ∼40%) for a given galaxy luminosity in the void environment. Besides, a small fraction of void galaxies appear to be unusually gas-rich and extremely metal-poor with properties of a recent (one -a few Gyr) turn-on of star formation. This finding is consistent with theoretical expectations on the 'special' unusual properties of part of the void galaxy population. Therefore, the dedicated search for such objects among void sample galaxies can be one of the most efficient means of their detection. (iv) The unusual void galaxies mentioned above appear to be intrinsically faint and are mostly LSB dwarfs, with MB −14. This points out the importance of the severe observational selection effect in search for this void population. If one uses the existing spectral surveys with the typical depth of B ∼ 18.5 m − 19 m , only the nearby voids, with D 25 Mpc, can be studied. In more distant voids, such objects can be searched via dedicated spectroscopy or Hi observations of potential fainter LSB companions of the known, more luminous void dwarfs.
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